In this study, plasma discharge in a liquid at intensive ultrasonic field above the cavitation threshold has been proven to be of great interest for initiation of various physical and chemical processes. In such discharge, nanoparticles of tungsten and zinc oxides have been synthesized. Further exploration of synthesized nanoparticles has demonstrated that the factor of ultrasonic cavitation during the synthesis substantially affects physical and chemical characteristics of nanoparticles.
INTRODUCTION
The demand for energy is increasing day by day, which leads to the development of alternate energy sources like the non-conventional sources. This need also leads to the exploration of new energy storing and energy conversion devices with high energy density and power density. One such device is the supercapacitors. In comparison with batteries and electrolytic capacitors, supercapacitors catch much attention on account of their high power density. Their capacitances are in the order of higher magnitudes than those of the traditional ones. It can be used in many storage systems in combination with fuel cells or batteries. They differ from ordinary capacitors in two ways: (1) increased surface area of electrodes and (2) reduced distance between the electrodes. _____________ Supercapacitors are considered to be important for power devices especially in future generations. They find many applications in power systems and other devices. For realizing supercapacitors their energy and power densities must be enhanced. To achieve this and to meet the increasing demand for energy storing devices, new materials with high reliability and efficiency have to be explored. Recent studies are coming up with new nanomaterials that can store energy for a longer time, including graphene oxides; metal oxide-graphene nanocomposites, carbonbased nanoporous materials and ternary metal oxides are being widely used. Amongst all graphene oxide based nanomaterials show excellent electrochemical properties which make them suitable for supercapacitor applications. The nanocomposites of graphene exhibit even more enhanced supercapacitor performance on account of synergy effect.
Literature shows that nanomaterials can effectively be used in supercapacitor applications on account of its high surface area. Therefore, in the present work various nanomaterial systems will be prepared which include metal oxides (RuO 2 Various methods are available in literature for the preparation of above mentioned nanomaterials and their composites such as sol-gel, electrodeposition, solutionbased methods, co-precipitation, hydrothermal, solvothermal and microwave assisted methods etc. that enabled to obtain nanoparticles of titania, silica, mica, carbon black and other materials. Along with traditional chemical methods of synthesis, some physical methods, such as electric discharges and ultrasound cavitation became increasingly important in view of the creation of novel functional and composite materials.
SYNTHESIS OF NANOPARTICLES IN PLASMA DISCHARGE IN A CAVITATING LIQUID
One of the new promising ways to obtain nanoscale materials, including metal oxide powders is the combined effect of the elastic oscillations of high intensity ultrasound and pulsed or steady electric fields in a liquid medium. This type of plasma, being of great interest as a new object of physical study, has several advantages as a method for the synthesis of nanomaterials-a relatively narrow particle size distribution of the synthesized nanopowder, specific composition and the properties of nanomaterials [5, 6] .
More specifically, the traditional arc discharge in aqueous electrolytes, which is widely used in engineering, is the most well-known form of stationary plasma discharge in liquid media. For many years, such discharge is used in physicochemical studies and in the synthesis of various materials. The specific feature of arc discharge in liquid media is the localization of plasma region near the electrode ends and "falling" form of volt-ampere characteristics.
However, when ultrasonic cavitation is applied to a liquid, phase composition and physical properties of the liquid change abruptly, and this effect can lead to some specific features of the formation of electric discharges in the liquid. In the region of intensive cavitation, the fraction of gas-vapor component in the liquid has a significant value, therefore it can be assumed that the conditions of electric breakdown in the cavitation region should become easier, which can result in the initiation of different forms of discharges. Varying the parameters of ultrasonic field, it is apparently possible to exert an influence on the processes of plasma glow in a cavitating liquid. Furthermore, in this configuration, ultrasonic cavitation will interact with micro-and nanoparticles obtained in plasma and affect their physical properties and surface characteristics. The objective of the present work is to check this hypothesis and, moreover, to analyze the features of such acoustoplasma discharge and possible chemical conversions that can occur under its excitation in water and water-hydrocarbon mixtures.
Acoustoplasma technique involves the initiating of an electric discharge in a liquid that goes along with ultrasonic power assisted cavitation. In general, the specially designed acoustoplasma reactor includes a reservoir with two immersed electrodes and ultrasonic cavitator. Cavitation bubbles in the liquid phase provide the outstanding characteristics of a discharge and these characteristics have been proven to be governed by the regimes of ultrasonification [5] [6] [7] [8] . Furthermore, ultrasonic power prevents the secondary agglomeration of nanoparticles being synthesized from metal electrodes in electric discharge.
In previous studies, it was found that combined excitation of electric arc discharge and acoustic cavitation in water and organic liquids was an effective method to create free hydrogen and various kinds of solid nanoparticles. Chemical compositions, dimensions, morphologies, optical and other properties of these nanoparticles can be easily regulated by the plasma discharge parameters, materials of electrodes and liquids. In other works, it was demonstrated that ultrasonic cavitation itself is a promising way for modification of properties of solid nano-and microparticles [9] [10] [11] [12] [13] [14] [15] [16] .
Materials or nanostructures exhibiting superior electrochemical properties are advisable for supercapacitors. The main factors to be considered to develop a high performance electrode material are the activity of electro-active species, and the transport ease of electrolytes, electrodes and reactants. The structure of the active material plays a major role in the activity of the electrode material. From the technological and scientific point of view the fabrication of well-defined morphology with nano-architecture, macro/mesopores, and tunable size is to be considered. Literature shows a variety of materials being used for supercapacitor applications. Along with the above mentioned properties, the material must also be structurally and mechanically stable to retain a good life after repeated cycles of operation and should exhibit a good value of specific capacitance.
As a result of these experiments, acoustoplasma technique has been demonstrated to be a new interesting approach to get nanomaterials in two ways in the same reaction-solid powders precipitating in the reaction vessel and gaseous aerosol containing oxide nanoparticles exhibiting the density comparable with that of air. Two perspective avenues of the utilization of these nanopowders can be performed: nanoparticles could first be deposited on a flat substrate and so create a surface modifying coating and the second option is an entrainment of the nanoparticles into the monomer matrix which can be polymerized afterwards yielding a polymer with immobilized nanoparticles.
CONCLUSIONS
Acoustoplasma technique based on the combination of a discharge in liquid with acoustic cavitation treatment provides an effective route for the synthesis of solid nanoparticles of metals, metal oxides and semiconductors. Nanoparticles, synthesized by acoustoplasma technique demonstrate interesting physical properties and can be effectively applied for different applications, such as electrodes of energy storage devices.
